dition is a major public health problem because its prevalence increases at an alarming rate of 1% per year (5) , with rates of cardiovascular events that are similar to those seen in HFrEF (6, 7) . Despite the fact that more than half of the patients with HF in routine care are women, randomized clinical trials supporting current HF management guidelines have recruited predominantly male subjects with a lack of prospective gender-specific analyses (8) . Some evidence, largely from registries, reveal important gender differences in HF etiology, risk factors, and clinical characteristics: women, compared with men, tend to be older, with non-ischemic HF etiology, and higher blood pressure, as well as more comorbidities such as renal failure and diabetes mellitus (9) . Also, recent studies suggest that female patients with HFpEF show distinct characteristics and outcomes compared with men (10) . Risk factors for development of HFpEF include renal failure, hypertension, and obesity in women, and ischemic heart disease, chronic obstructive pulmonary disease, and atrial fibrillation in men (11, 12) .
HFmrEF is a new category of HF. Recent studies revealed that patients with HFmrEF represent a demographically and clinically diverse group with many intermediate features compared with HFrEF and HFpEF (13) . According to the available data, patients with HFmrEF are younger and more predominantly male compared with those with HFpEF (14) . However, data of gender-related differences in clinical characteristics and management are limited in patients with HFmrEF, and most of the available data on gender-based characteristics in such patients are obtained from developed countries. Therefore, we performed a post-hoc analysis of data from the APOLLON trial (A comPrehensive, ObservationaL registry of heart faiLure with mid-range and preserved ejection fractiON) to explore the gender-related differences in demographic characteristics, clinical profile, and management of patients with HFpEF and HFmrEF.
Methods
The APOLLON registry Design and results of the original study have been described elsewhere (15, 16) . Briefly, the APOLLON study is a multicenter and observational study conducted in Turkey (ClinicalTrials.gov identifier NCT03026114), in which patients with HFmrEF and HFpEF aged ≥18 years were enrolled in the study between March 31, 2018, and May 20, 2018 . A total of 1065 patients who presented to the outpatient cardiology clinics with sign and/or symptoms of HF were enrolled in the study at 11 sites across the country (total 13 hospitals in 11 cities; 6 university hospitals, 4 training and research hospitals, and 3 secondary hospitals). All information, such as demographic characteristics, medical history, laboratory data, electrocardiography, and echocardiography data, were recorded at the time of enrollment.
Patients with a left ventricular ejection fraction (LVEF) ≥40% and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels >125 pg/mL, and patients with signs and/or symptoms of HF were included in this study. One symptom must be present at the time of screening, and one sign must have been present in the last 12 months. To determine HFpEF and HFmrEF, at least one additional echocardiographic criterion including relevant structural heart disease or diastolic dysfunction was required. Key structural alterations were accepted as a left atrial volume index (LAVI) >34 mL/m 2 or a left ventricular mass index (LVMI) ≥115 g/ m 2 for males and ≥95 g/m 2 for females. Key diastolic dysfunction criteria were accepted an E/e′ ≥13 and a mean e' septal and lateral wall <9 cm/s.
Patients with an LVEF <40%; patients with significant chronic pulmonary disease; patients with primary severe heart valve disease requiring intervention or surgery; patients with any history of surgically corrected heart valve diseases (e.g., mechanical or bioprosthetic heart valves); patients with myocardial infarction, stroke, or coronary artery bypass graft surgery in the past 90 days; percutaneous coronary intervention or pacemaker implantation in the past 30 days; heart transplant recipients; known infiltrative or hypertrophic obstructive cardiomyopathy or known pericardial constriction; patients with congenital heart diseases or cor pulmonale; and pregnant patients were excluded from the study.
The APOLLON study was approved by the Local Ethics Committee, and informed consent was obtained from all patients.
Study design
Among the 1065 (mean age of 67.1±10.6 years) patients, 577 (54.2%) were female, and 488 (45.8%) were male. Using the registry data of these patients, we examined gender differences in terms of clinical characteristics and management of patients with HFmrEF and HFpEF.
Statistical analyses
Baseline continuous variables are presented as mean ± standard deviations or median, first quartile (Q1) and third quartile (Q3); depending on the distribution of the data. The categorical variables are expressed in frequencies and percentages. The Pearson's Chi-square test was used to compare categorical variables. The continuous variables were compared using the t-test or the Mann-Whitney U-test, as appropriate. Clinical characteristics of female and male patients were compared using Fisher's exact test with two-sided p-values. Analyses were performed with the statistical package SPSS 24.0 (SPSS Inc, Chicago, Illinois, USA).
Results
The baseline characteristics of the patients are listed in Table 1 . Compared with men, women with HFpEF and HFmrEF were older; and they more frequently had palpitation, peripheral edema, fatigue, and reduced exercise tolerance. Female par-ticipants had higher body mass index and heart rate when compared with what their male counterparts had. Women had higher prevalence of hypertension and atrial fibrillation. However, men had higher prevalence of coronary and peripheral artery disease, and hyperlipidemia. There were significantly fewer smokers and alcohol users among the women. The ratio of patients with HFpEF was significantly higher in females than in males, but the ratio of HFmrEF was more common in men than that in women. Of the 577 female, 104 (18%) had HFmrEF; whereas of the 488 male, 142 (29.1%) had HFmrEF (p<0.001). Of the 577 female, 473 patients had HFpEF (82%), but of the 488 male, 346 (70.9%) had HFpEF (p<0.001). COPD -chronic obstructive pulmonary disease; CVA -cerebrovascular accident; HF -heart failure; TIA -transient ischemic attack Tables 2 and 3 show the comparison of laboratory parameter and echocardiographic findings according to the gender. The NT-proBNP levels were significantly higher in women (691 pg/ mL vs. 541 pg/mL, p=0.004), but hemoglobin and ferritin levels were significantly lower in women than those in men.
Compared with female patients, male patients had significantly higher interventricular septum thickness, left ventricular posterior wall thickness, left ventricular end-diastolic and endsystolic dimensions, whereas LVEF was lower (55% vs. 60%, p<0.001) in men. Women had worse diastolic function [E/e'=10 (range:8-13) vs. 9 (range:7-12), p<0.001], and they were associated with a trend toward higher prevalence of abnormal left ventricular geometry (concentric hypertrophy or eccentric hypertrophy, or concentric remodeling) and higher pulmonary artery systolic pressure compared with those in men. Women also had higher prevalence of mitral and tricuspid valvular regurgitation compared with what men had.
Beta-blockers, statins, and antiplatelets were less frequently prescribed to women. Women more often received angiotensin receptor blockers, non-dihydropyridine and dihydropyridine calcium blockers, anticoagulants, and thiazide diuretics as compared with their male counterparts ( Table 4 ). The use of other medications was similar in the two groups.
Etiology of HF differed between both the sexes (Table 5 ). Female patients were more likely to have atrial fibrillation (32.4% vs. 22.1%, p<0.001), hypertension (26.3% vs. 23.8%, p<0.001), and valvular heart disease (14.6% vs. 7.4%, p<0.001) as a cause of HF. However, ischemic heart disease (42.6% vs. 21.1%, p<0.001) was the most common cause of HF in male patients. Table 6 shows the differences between the patients with HFpEF of different genders. Of the 819 patients with HFpEF, 473 (57.8%) were female. Compared with male patients, female had significantly higher body mass index. Prevalence of hypertension was higher in female patients with HFpEF; however, male had higher prevalence of coronary artery disease. The NT-proBNP levels were significantly higher in female than in male patients with HFpEF. Compared with men, LVEF, LAVI, and E/e' were higher in women with HFpEF. Etiology of HF was significantly different in female and male. The main etiology of HF was atrial fibrillation (33.8%) in female patients; however, the most common cause of HF was hypertension (30.1%) in male patients with HFpEF.
Comparison of female and male patients with HFpEF

Comparison of female and male patients with HFmrEF
Of the 246 patients with HFmrEF, 142 (57.7%) were male. Compared with women, men were younger, had significantly lower body mass index and heart rate. There were significantly more smokers and alcohol users among the men with HFmrEF. Women had higher prevalence of atrial fibrillation. On the other hand, prevalence of coronary artery disease was higher in male patients with HFmrEF. In female patients with HFmrEF, the NT-proB-NP levels (1167 pg/mL vs. 677 pg/mL, p<0.001) and E/e' value (10.1 vs. 9, p=0.009) were significantly higher, and hemoglobin levels were lower. Angiotensin-converting enzyme inhibitors were more frequently prescribed to men; however, women more often received dihydropyridine calcium blockers. The use of other medications was similar in the two groups. In patients with HFmrEF, ischemic heart disease was the most common cause of HF in both sexes (Table 7) . Age distribution by gender in patients with HFmrEF and HFpEF Mean age of our HFpEF cohort was 67 years, with almost 50% of the patients aged between 65 and 80 years. Temporal trend analysis showed female predominance among all age groups in patients with HFpEF (Fig. 1) . On the other hand, mean age of patients with HFmrEF was 68 years, with >50% of the patients aged between 65 Figure 2 . Age distribution by gender in patients with heart failure and mid-range ejection fraction. Number of patients (a), proportion of patients (b). The proportion of males among patients aged <80 years was higher than that of females; whereas in the elderly, the proportion of females was higher and 80 years. This analysis revealed male predominance among those aged <80 years in patients with HFmrEF, whereas, in older patients, percentage of females increased, and ultimately the rate of female exceeded the male ratio in HFmrEF group (Fig. 2) .
Discussion
Previous epidemiological studies revealed a female predominance in the development of HFpEF (17) . Fifty-five percent of patients with HFpEF were female in the Swedish Heart Failure Registry, which included over 18,000 patients with HFpEF and HFmrEF (18) . However, most of these studies were clinical drug trials, and they may not reflect real-life patients with HFpEF. Moreover, to the best of our knowledge, there have been no studies evaluating gender differences in patients with HFmrEF.
In this analysis from APOLLON study, we evaluated sex differences in demographic, clinical, and laboratory parameters in a large national cohort of patients with HFmrEF and HFpEF in a realworld setting. Our results indicate that the clinical manifestations of HFmrEF and HFpEF differ widely between women and men. Women were usually older at presentation, and had a greater burden of atrial fibrillation and hypertension; on the other hand, men were more likely to have coronary and peripheral artery disease, hyperlipidemia, and malignancy compared with women. Our results also showed that signs and symptoms may also have sex-related differences: women tended to be more symptomatic for palpitations, reduced exercise tolerance, peripheral edema, and fatigue on admission. The ratio of HFmrEF was also significantly different among men and women; nearly one-fifth of the women and one-third of the men had HFmrEF in our study cohort. Another important difference concerns the management of HF; men were more likely to receive beta-blockers, statins, and antiplatelets, probably due to higher prevalence of ischemic heart disease in men, whereas women more often received anticoagulant drugs that may be secondary to the higher prevalence of atrial fibrillation in women.
Over the past decade, one of the most important findings across numerous HFpEF studies was a distinct gender distribution. Generally, women significantly outnumber men, leading to a gender ratio of approximately 2:1 in HFpEF (19, 20) . In our study, 57.8% of the patients with HFpEF were female. Previous studies have shown that women with HFpEF tend toward higher LVEF, less often active or former smokers, had worse diastolic function and less comorbid conditions as compared with men (20, 21) . In line with these data, in our cohort, women were less often active or former smokers, had higher LVEF, had worse diastolic function, and had higher prevalence of hypertension and atrial fibrillation. Deswal and Bozkurt (10) analyzed 719 patients with HFpEF and found that compared with men, women with HFpEF were older and more frequently had a history of diabetes or hypertension, history of myocardial infarctions, and ischemic causes of HF were less frequent in women than in men. At the time of enrollment, women appeared to have greater clinical severity of HF, as evidenced by more women with New York Heart Association (NYHA) class III or IV and fewer women with NYHA class I functional status, a greater proportion of women with a history of orthopnea and resting dyspnea, chest X-ray findings of vascular congestion, and examination findings of rales and edema, as well as more women receiving diuretics (10) . Similar to the previous data, the APOLLON study showed that female patients with HFpEF were more symptomatic (palpitations, reduced exercise tolerance, peripheral edema, and fatigue), and they more often received diuretics on admission. In the APOLLON study, ischemic heart disease and ischemic etiology of HF were less frequent in females than in males with HFpEF. Recent findings from studies investigating HFpEF pathophysiology, mechanisms, and sex effects on cardiovascular aging have identified some potential contributors to the sex discrepancy (22, 23) . Extent of concentric ventricular remodeling is enhanced in women, and this may be associated with worse diastolic function in the aged female heart (24). In our study, although LVEF was higher in women with HFpEF, women were more symptomatic and had higher NT-proBNP levels compared with men probably due to worse diastolic function, higher LAVI and pulmonary artery systolic pressure, and more frequent LV concentric hypertrophy. The 2016 European Society of Cardiology HF guidelines recognized HFmrEF as an entity distinct from HFrEF and HFpEF (2) . Clinical characteristics of HFmrEF were found to be intermediate between those of HFrEF and HFpEF (25) . Some authors suggest that HFmrEF has a phenotype closer to HFpEF (13) , whereas other authors consider it closer to HFrEF (26) . Recent studies have shown that patients with HFmrEF were younger, more often male, and had more frequent ischemic heart disease compared with HFpEF (27) . Even though patients with HFmrEF have higher readmission rates than patients with HFpEF and mortality rates comparable to HFrEF and HFpEF (28) , HFmrEF remains insufficiently characterized compared with the other groups. In addition, there are limited data regarding the effect of gender in patients with HFmrEF. Swedish Heart Failure Registry included 9019 patients with HFmrEF, and 60.8% of these patients were male (18) . Kapoor et al. (29) analyzed the factors potentially contributing to the HF hospitalization among 99,825 HF admissions from 305 hospitals in the Get With The Guidelines-HF (GWTG-HF) database; and among the 12,819 patients with HFmrEF, 51.5% were male. The APOLLON study has shown that prevalence of male was 57.7% in patients with HFmrEF. Previous studies revealed that there might be differences in sex distribution by age in patients with HF (30). Stein et al. (31) studied all consecutive 5228 males and 4107 females hospitalized patients with HF, aged 50 or older. Although there was no separate evaluation for HFmrEF and HFpEF in this study, the proportion of males among patients aged <75 years was significantly higher than that of females, whereas in the elderly the proportion was similar in both genders (31) . We analyzed gender distribution by age groups for HFmrEF and HFpEF groups. In our study, female gender was higher among all age groups in patients with HFpEF. However, male gender was higher in patients with HFmrEF aged <80 years, and female gender was higher in octogenarian patients with HFmrEF. In patients with HFmrEF, men smoked more, and were younger, had higher prevalence of coronary artery disease, had lower prevalence of atrial fibrillation, had better diastolic function, and had lower NT-proBNP levels. Ischemic heart disease was the main cause of HF in men and women with HFmrEF. This study provides contemporary data on gender differences in clinical features and management of patients with HFmrEF and HFpEF who participated in the APOLLON study. Several baseline clinical and echocardiographic features were found to differ significantly between women and men. Female subjects were older compared with males. There were gender differences in comorbidity status. Some were as expected, for example, coronary artery disease, and hyperlipidemia were more common among men, and hypertension and atrial fibrillation disease were more common in women. Our study also showed that gender discrepancies in HFmrEF and HFpEF management may exist in our country. The presence of this gender difference in the epidemiology and management of HFmrEF and HFpEF should be investigated in prospective studies to reveal whether these differences have consequences for outcome. Therefore, we need prospective clinical trials evaluating the management and prognosis of HFmrEF and HFpEF in both sexes throughout the country.
Study limitations
This study is a post-hoc analysis of the APOLLON registry. The main limitations of this study are its observational nature and lack of follow-up data. We assessed the associations between gender and HFmrEF or HFpEF, but we cannot demonstrate causality. The limitation of the "clinician-judged HF" diagnosis in the APOLLON registry is also acknowledged. Another limitation is that the coverage of the study is limited to outpatient cardiology clinics; hospitalized patients are not included in this study.
Conclusion
In this large real-world survey, we demonstrated that clinical manifestations of HFmrEF and HFpEF differed widely between women and men. Patients with HFpEF are predominantly women, and patients with HFmrEF are predominantly men. Female patients with HFpEF are more symptomatic, have higher body mass index, have higher NT-proBNP levels, have worse diastolic function, and have higher prevalence of hypertension. The main etiology of HF is atrial fibrillation in these patients. Male patients with HFmrEF are younger, have higher prevalence of coronary artery disease, have more dilated left ventricle, and have better diastolic function. To the best of our knowledge, this is the first study to analyze gender differences in patients with HFmrEF. The results of this multicenter study have presented a broad perspective on gender in patients with HFmrEF and HFpEF in Turkey. 
